Introduction

!
Cholangitis occurs due to acute obstruction of extrahepatic bile ducts with bile stasis, which leads to secondary bacterial infection. In most cases, the obstruction is caused by common bile duct (CBD) or left/right hepatic ductal stones. Therefore, the goal of treatment is to re-establish good biliary drainage and remove stones. Currently, endoscopic retrograde cholangiopancreatography (ERCP) with endoscopic sphincterotomy (EST) is a well-established therapeutic procedure for treatment of bile duct stones. However, even after first-time endoscopic complete clearance of stones, the rate of recurrence of bile duct stones has been reported to range from 4 % to 24 %. Previous studies have been devoted to eliciting possible risk factors that predispose patients to recurrence of symptomatic stones following EST and stone clearance. One of the important risk factors reported by Keizman et al [1] is acute CBD angulation (≤ 145°). Keizman et al postulated that an angulated CBD would contribute to bile stasis, and hence, is a risk factor for recurrent cholangitis after successful endoscopic therapy. However, no study has yet provided information on the correlation between the angulation of the right/left hepatic ducts (RHD, LHD) and recurrence of cholangitis. Therefore we performed a retrospective study to examine whether angulation between the RHD, LHD, and CBD is a significant independent predictor of recurrent symptomatic ductal stones. Identification of significant risk factors would allow for follow up of at-risk patients with surveillance ERCP for detection of an asymptomatic stone and prevention of possible recurrence of cholangitis. Background and study aims: Endoscopic retrograde cholangiopancreatography (ERCP) with endoscopic sphincterotomy (EST) for bile duct stone extraction has a major role in the treatment of cholangitis. It is well known that certain risk factors predispose to recurrence of such stones. The aims of this study were to evaluate the correlation between angulation of the common bile duct (CBD), right hepatic duct (RHD), and left hepatic duct (LHD) with recurrent cholangitic attacks and to elucidate other risk factors that may be associated with these attacks. Patients and Methods: This is retrospective study included 62 patients who had undergone therapeutic endoscopic retrograde cholangiopancreatography (ERCP) for bile duct stones. Their medical records were followed until May 1, 2009. The RHD, LHD, and CBD angulation and CBD diameter were measured on cholangiography prior to any endoscopic procedures. Results: Among these 62 patients, 6 (9.7 %) had recurrence of cholangitis. Both angles of the RHD and the CBD were significantly smaller in the group with recurrence (P = 0.001, P = 0.004). A CBD angle ≤ 130 o and RHD angle ≤ 125 o were found to be significantly associated with an increased risk of recurrence (RR = 10.526, P = 0.033; RR = 24.97, P = 0.008) in multivariate analysis. Cholecystectomy was not a protective factor against recurrence of cholangitis (P = 0.615). Conclusions: Angulation of the CBD (≤ 130°) and RHD (≤ 125°) on ERCP are independent risk factors for recurrent cholangitis. Further prospective studies using these data may be warranted for a more accurate estimation and verification of the risk factors predisposing to recurrent cholangitis. and ERCP films were subsequently reviewed. A patients was included in the study if: 1) he or she presented with symptoms suggestive of cholangitis, including a combination of fever, jaundice, abdominal pain, and had cholestatic biochemical liver function test results; 2) cholangitis was diagnosed on ERCP with either identification of CBD stone or CBD dilatation; and 3) ERCP demonstrated complete removal of initial CBD stone by clear occlusion cholangiogram (OC). Complete removal of initial CBD stone was an inclusion criterion because it ensured that recurrence was due to new stone formation as opposed to a retained stone. A patients was excluded if: 1) the attack that occurred in 2006 was not the first episode of cholangitis; 2) he or she underwent previous biliodigestive anastomosis, gastric surgery or CBD exploration, because these surgical procedures could have affected the angulation of the CBD, RHD, and LHD; 3) he or she had a known malignancy of the bile ducts, pancreas, or liver or a malignancy diagnosed by brush cytology or biopsy during ERCP because any recurrence of cholangitis would be secondary to obstruction of the CBD by the tumor instead of CBD stone; 4) stenosis, benign or malignant, was the only ERCP finding; 5) ERCP films were unavailable; or 6) CBD, RHD, and LHD were poorly shown after contrast injection. Patients were followed until December 31, 2011 so that at least 5-year follow up could be assured. Recurrence was defined by a combination of clinical symptoms, liver function test, and ERCP. The follow-up end point was defined as either if the patient death or achievement of the end point.
Patients and Methods
Peri-procedure data
Each patient's medical data, including age, gender, body mass index (BMI), and smoking and drinking habits were recorded. Results of four liver function tests (LFT) including the first LFT after admission, post ERCP, between post ECRP and discharge and LFT before discharge were recorded.
Endoscopic procedure data
All ERCPs were performed with a JF 240 or a TJF 240 duodenoscope (Olympus Co., Tokyo, Japan). Information on the endoscopic procedure was retrieved from the endoscopy reports in the endoscopy center. Indications for ERCP were noted. During ERCP, the presence of stone and periampullary diverticulum and the use of mechanical lithotripter (BML) in stone extraction were recorded. All patients included in the study must have had OC performed and complete clearance of stones. Complete sphincterotomy was performed on all patients. Diagnoses on ERCP, such as cholangitis, symptomatic stones, stricture, dilatation, RPC, and normal, were recorded to ensure the inclusion and exclusion of appropriate patients.
Measurement of bile duct angulation and diameter
The angulation of the three ducts and diameter of CBD were measured using the pre-procedure OC with the patient in prone position (• " Fig. 1 ) Pre-procedure OC was used because withdrawal of the inflated balloon catheter along the CBD during OC could have altered the angulation of the ducts. Angulation of CBD was measured using the sharpest angle along CBD from 1 cm below the bifurcation to 1 cm above the papilla as described by Keizman et al [1] . The widest point above and below the angulation of the CBD was identified and perpendicular lines were drawn. The CBD angle was measured from the perpendicular lines (• " Fig. 2 ). Because no reports exist about how to measure RHD and LHD angulation, we devised our own methods. RHD and LHD angulation was defined by the angle between the RHD and CBD, LHD, and CBD, respectively. It was measured by drawing straight lines from the tip of the bifurcation of the CBD to the RHD and LHD, which are perpendicular to the two sides of the RHD and LHD, respectively (• " Fig. 3 a) . A line across the CBD around 1 cm below the bifurcation was also drawn (• " Fig. 3 b) . Lines perpendicular to these lines were drawn and the angle between the perpendicular lines was measured (• " Fig. 3 c and• " Fig. 3 
d).
The CBD diameter was measured at its widest point, corrected magnification relative to the known diameter of the endoscope. The actual CBD diameter was calculated using this formula: (measured CBD diameter/measured endoscope diameter) × actual diameter of endoscopic (11 mm). All ERCP conducted in 2006 were performed using the same type of endoscopic with the same diameter. All measurements were performed using computer freeware PTC ProDESKTOP 2000i2. The cholangiogram analysis was performed by two investigators, who were blinded to the outcome of the patients.
Statistical analysis
Categorical variables (gender, smoking, drinking, periampullary diverticulum, and mechanical lithotripter) were compared using Pearson's Chi square test or Fisher's exact test when both variables were dichotomous. Continuous variables (age, BMI, liver function test, CBD diameter, and CBD, RHD, and LHD angulation) were analyzed using the Student's t test when the variables were normally distributed or by Mann Whitney U test for variables without normal distribution. Significant predictors for bile duct stone recurrence identified by univariate analysis were included in a multiple logistic regression model to determine the most significant risk factors for recurrence of cholangitis. A P value ≤ 0.05 was considered statistically significant and all tests were two-sided. Statistical analysis was conducted using the SPSS package 15.
Results
!
In 2006, a total of 463 patients underwent ERCP in the Prince of Wales Hospital. Among them, 62 patients who fulfilled the inclusion and exclusion criteria were recruited into our study. The mean age of the patients was 68.5 years and 28 (45.2 %) were male. Of the patients included in our study, six suffered from minor bleeding during ERCP, which was controlled with adrenaline spray. One developed hypotension but the ERCP was completed. None of the patients suffered from perforation or post-ERCP pancreatitis. The mean CBD diameter on index ERCP was 17.2 mm.
Of the 62 patients, 48 (77.4 %) had presence of CBD stones identified on the index ERCP. The size of CBD stones ranged from 3 to 30 mm and multiple stones were identified in 10 cases. CBD sludge was found and removed in five cases. In the remaining nine patients, the clinical picture was compatible with passed stones as gallstones were demonstrated on transabdominal ultrasound or computed tomography before ERCP and clinical improvement was evident after ERCP. As a result, these patients were also included in this study. Six of the patients (9.7 %) had recurrence of cholangitis and 55 (90.2 %) had no recurrence as of December 31, 2011, which was the end point of our follow-up. Of the six patients with recurrence, all except one had recurrence of CBD stones at distal CBD. The remaining patient had CBD stone recurrence at mid-CBD. The median follow-up period was 62.7 months (range: 5.3 months to 71.7 months). The demographic data on the two groups, including age, gender and BMI, were comparable (• " Table 1). No significant difference was seen between the two groups in the number of smokers and drinkers. Stone recurrence due to migration from the gallbladder might be a possibility. Therefore, we reviewed the gallbladder status of the patients. In total, 12 (19.7 %) patients received cholecystectomy, of whom 2 were in the recurrence group. Cholecystectomy was not a protective factor against recurrence of cholangitis (P = 0.615). We also looked at three other factors, including stone extraction using mechanical lithotripter basket, presence of periampullary diverticulum, and gallstones. Twenty-one (34.4 %) patients had periampullary diverticulum, 20 (32.8 %) had a history of gallstones, and eight (13.1 %) received mechanical lithotripsy. No significant difference was seen between the two groups in any of the three factors (P = 0.405, 0.203, 1.000 respectively). Regarding the angulation of CBD and RHD, they were significantly smaller in the group with recurrence than in the non-recurrent group (P = 0.001 and 0.004, respectively) in univariate analysis. For the RHD, an angulation ≤ 125 o was significantly associated with an increased risk of recurrence (RR = 24.97, 95 % C. I. = 2.276 -274.014, P = 0.008) in multivariate analysis (• " Table 2 Table 2 ). LHD angulation was not associated with recurrence (P = 0.928). There was also no significant difference between the two groups in CBD diameter (P = 0.886).
Discussion
!
In this study, we identified two independent risk factors for symptomatic bile duct stone recurrence after successful endoscopic therapy: 1) CBD angulation (≤ 130°); and 2) RHD angulation (≤ 125°). Of these two findings, CBD angulation has been associated with stone recurrence in a previous study by Keizman et al, [1] whereas an association with RHD angulation has not been previously reported in the literature. Establishing an appropriate follow-up time is crucial to the design of this study as a sufficient period of follow-up time is needed for recurrence to occur so that statistical analysis can be performed. In our current study, the mean follow-up time for our patients was 62.7 months (> 5 years). Earlier studies have shown that most recurrences occurred within the first 2 years after the first ERCP [2, 3] . Other long-term follow-up studies performed also found that the peak time of recurrence is 2 to 3 years after the first attack [4, 5] . Therefore, we believe that we have allowed sufficient follow-up time. Moreover, we observed a recurrence rate of 13 %, which is comparable to that in most studies conducted [6 -9] . Warren [10] first described an association between acute CBD angulation and cholangitis compared to patients with cholecystitis during open surgery. A similar study conducted by Keizman et al [1] also found CBD angulation of ≤ 145°to be an independent risk factor for recurrence of cholangitis. Indeed, angulation along the course of the CBD promotes bile stasis and may predispose to stone formation and recurrence. However, we found a much Original article E65 THIEME smaller CBD angulation, ≤ 130°, to be related to recurrent cholangitis. The findings by Keizmen et al [1] may have differed because of use of post-procedural ERCP film. The inflated balloon pulled through the CBD during occlusion cholangiogram could have straightened the CBD and increased the angulation. To the best of our knowledge, this study is the only one to describe the association between RHD and LHD angulation and recurrence of cholangitis. We are also the first to discover the relationship between sharp RHD angulation (≤ 125°) with recurrent cholangitis. Jeng et al described the association between sharp angulation (< 90°) and worse surgical treatment outcomes in patients with recurrent pyogenic cholangitis (RPC) [11] . However, none of the patients in our study had an RHD angle < 90°. This may be due to differences inherent in our study population. The study by Jeng et al was performed in a referral center in which surgical treatment was being planned for the patients. Therefore, his patients with RHD angulation < 90°may represent those with more severe disease requiring surgery. Our findings have important clinical relevance. Recurrent cholangitis can be life-threatening because of the potential for repeated infections and systemic sepsis. Therefore, it is important that an effort be made to identify patients at high risk of recurrence to permit close follow-up evaluation. Surveillance ERCP has been shown to decrease the average number of cholangitis episodes from 2 to 0.6 per patient within a 4-year period [4] . It has also been shown to detect asymptomatic recurrences that would have otherwise led to another episode of ascending cholangitis [4, 8] and to reduce mortality [6] . Geenen et al [4] thus proposes conducting surveillance ERCP annually for approximately 4 years. However, ERCP can be uncomfortable for patients, invasive, and expensive. In the modern era, the role of purely diagnostic ERCP is being replaced by MRCP. We thus propose that patients with a combination of risk factors, angulated CBD (≤ 130°), angulated RHD (≤ 125°), and dilated CBD undergo annual surveillance MRCP.
Whether surgical intervention is a good alternative remains a complex question. Various treatment options should be considered, including liver resection, biliary drainage alone, combined liver resection and biliary drainage, and percutaneous choledochoscopy. Biliary drainage is usually performed as a hepaticojejunostomy with or without the creation of an access loop to facilitate the subsequent retrieval of recurrent stones. Other less commonly used drainage procedures include transduodenal sphincteroplasty or T-tube drainage. The choice of therapy has to be decided based on a patient's condition, such as fitness for general anesthesia, tolerance for hepatectomy, previous treatment failure, multiple previous operations, and local anatomic factors [12] . Surgery may only be suitable for a limited number of patients who are younger and can tolerate a procedure, or who have multiple recurrence, multiple stones, or dilatation of duct or presence of stricture [4 -5, 13] . Interestingly, there may be multiple reasons why LHD angulation was not related to recurrent cholangitis in our study. First, unlike RHD, LHD may not be related to recurrent cholangitis. Second, our sample size may have been inadequate to detect an association, because there were only seven cases of recurrence. Similarly, the sample size may also have been inadequate to detect a significant difference in the CBD diameter, because the majority of previous studies found an association between greater CBD diameter and recurrent cholangitis [1, 6, 7, 9] . Routine USG of the hepatobiliary system is not normally performed on all patients who present with acute cholangitis. Instead, they are booked for an early ERCP. Therefore, gallstones can only be found if USG is selectively performed or alternatively, if the gallbladder is filled with contrast on ERCP. As a result, in this retrospective study, we do not know the true rate of patients with gallstones in our study population and, therefore, the number mostly likely is an underestimation. Given that, we cannot draw a firm conclusion about whether gallstones are a risk factor for recurrent cholangitis. Furthermore, elective cholecystectomy was found to be ineffective in reducing the incidence of recurrent cholangitis. This finding is consistent with other studies [1, 7, 9, 14] . In contrast to the West, in Asian countries, the incidence of primary biliary stones may be relatively higher compared to the number of secondary CBD stones originating from the gallbladder. [15] This may be the reason why elective cholecystectomy is not effective in preventing recurrent cholangitis in an Asian population. Peripapillary diverticulum is one of the reported potential causes of recurrent CBD stones. However, conclusions about whether periampullary diverticulum leads to recurrent cholangitis are still contradictory [16 -19] . A few studies have found it to be a risk factor for choledocholithiasis, [6, 15] but others have not [1, 7, 14, 20] . In the current study, we did not find periampullary diverticulum to be a risk factor for recurrent cholangitis. Results of all four liver function tests performed and recorded at different times during admission were not found to be associated with recurrence, which is similar to findings by Costamagna et al [7] . Our study found that BML is not a risk factor for recurrence, as did a study conducted by Costamagna et al, but Saito et al [8] showed otherwise. Costamagna et al argued that because Satio et al did not perform complete sphincterotomy, spontaneous passage of the minute stone fragments could not have occurred, leading to the false impression that BML is a risk factor for stone recurrence. Because all the patients in our study had complete sphincterotomy and achieved complete CBD clearance on OC, BML was not found to be a risk factor for recurrence. There are some limitations to our study. First, small sample size is one of the major flaws of our paper. Second, this study deals only with symptomatic recurrence of stones, and so, our cases were diagnosed based on clinical grounds, backed by laboratory, ultrasonographic and/or ERCP evidence. Therefore, there may have been false negatives in view of the failure to detect the asymptomatic recurrence of stones. The recurrence reported above might represent an underestimation. Third, the measurement of the angulation between the intrahepatic ducts and the common bile ducts might not be exact, given that the calculation was done on patients in the prone position and that bile angulation was assessed in a two-dimensional plane. That may have led to an underor overestimation of CBD, RHD or LHD angulation. We tried to ensure that the calculation was as accurate as possible by standardizing the method of measuring and using only non-rotated pre-procedure cholangiograms with patients in a prone position. In future studies, magnetic resonant cholangiopancreatogram (MRCP) could be used to assess the angulation in a three-dimensional plane to increase accuracy of angle assessment. Last, measuring bile duct angles does not seem easy. It is hoped that, as technology advances and through collaboration with engineers, it may be feasible to develop new software or apps to make measurement easier in daily practice.
Conclusions
!
An angulated CBD and RHD are risk factors for recurrent cholangitis. This finding can assist us in identifying patients who may be at risk. Annual MRCP surveillance of this group of patients has the potential to reduce the morbidity and mortality associated with an acute attack. Future prospective studies with 3 D imaging may be needed to further validate the association between bile duct angles and recurrent cholangitis.
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